Summary: Human blood serum has been analyzed by X-ray fluorescence spectroscopy utilizing the effect of background reduction by total reflexion of the incident X-ray beam on an optical flat as sample support. For sample preparation a drop of 10 serum was pipetted onto the support and dried to a thin film. The minimum detectable limit was about 1.5 mmol/1 in 1000 s and the precision in the 20 mmol/1 range of the metals was 3-5%.
Introduction
The determination of iron and copper in human blood serum is an increasingly important tool for the diagnosis of certain cancers and hepatic and metabolic disorders. For this determination standardized techniques have been developed which are routinely used in the medical laboratories. The present paper describes a new method that requires no pre-treatment such as deproteinization, is element-specific and allows the measurement of several elements simultaneously. The technique may therefore become a valuable supplement in medical laboratory practice. 
Experimental
The measuring equipment was a preliminary experimental setup very similar to those used in previous work (1, 2, 3) , but without vacuum. It utilizes the effect of total reflexion at the sample support for background reduction. We use a fine structure X-ray tube with .molybdenum anode together with a power supply DEBYEFLEX 2002 from SEIFERf, göniomer ter with a holder for the sample support (SEIFERJ), and slits, diaphragms and filters for collimation and background reduction in the geometric arrangement shown in figure 1 . The incident X-ray beam strikes the surface of the sample support, an optical flat made of SUPRASIL quartz glass with dimensions 50 X 30 X 15 mm, at an angle of about 6 minutes of arc. The sample is deposited in the center of the support surface. Immediately above the sample (about 1 mm) a diaphragm with an inner diameter of 8 mm is attached to the sample holder. The fluorescence radiation is analyzed by a Si(Li) detector located at 10 mm from the sample and connected to standard electronics. A typical serum spectrum is shown in figure 2 . In contrast to the conventional XRF technique (4) the used method needs practically no sample preparation. 10 of serum were pipetted onto the cleaned surface of the glass block and allowed to dry in the air. The main application of the X-ray fluorescence analysis with totally reflecting sample support is the determination of trace elements in aqueous solutions or organic extracts with a low content of dissolved matter. In these cases the sample residue on the support after drying is in the range of 0.01 of the original volume and only a few thick. Human blood serum, however, Tab. 1. Results of measurements of copper in serum. contains about 100 g/1 of proteins, lipids and minerals leading to films of 20-50 μτη thickness. Taking into account the simplicity of the drying procedure, it cannot be excluded that there were films with humps and marginal ridges up to 200 μηι (freeze-drying, e · g-, gave much better films). Due to the very small angle of the incident beam we have to face paths of the exciting X-rays up to the mm range in the dried serum which may cause shading effects. It may also happen that certain parts of the sample are not hit by the strongly collimated beam. It is therefore necessary to determine to what extent the sample is actually penetrated by the incident radiation. We found that in this technique, as in conventional XRF, the height of the Compton peak is proportional to the sample mass seen by the incident X-rays. Hence, the ratio of metal peak to Compton height is proportional to the concentration of metal atoms in the dry substance of the serum and this ratio is independent of film shape and possibly imperfect pipetting. Since the metal concentration of the whole serum is usually requested, the metal peak to Compton height ratio was multiplied by the dry fraction. The dry fraction can be easily determined by weighing a small volume of serum (0.5 ml) before and after drying to an accuracy better than 0.5 percent. So all concentrations given in this paper apply to the whole sera. The calibration was done with commercial control sera which are generally used in medical laboratories for accuracy control. Their iron and copper concentrations are not known to the accuracy desired for our purpose. Nevertheless, in order to avoid systematic errors we did not try to prepare standards by simulating a serum matrix and adding known amounts of metal salts.
Results
The results of the measurements are given in table. 1 and 2. Plots of the calibration of the X-ray spectrometer are shown in Figures 3 and 4 , where the solid lines were calculated by least squares fitting. The blank values at 0 mmol/1 were caused by the apparatus and could be experimentally confirmed by measuring a metal Jree aqueous sodium diethyldithiocarbamate solution with a content of 83 g/1. The reproducibility, i. e. the standard deviation of at least five samples of the same serum, over a period of about 2 weeks was about 3 % for copper and 5 % for iron using a measuring time of 1000 s.
The accuracy of a calibration with imperfect standards can be estimated by regression calculations. The resulting standard deviation S of a measured concentration c was evaluated as follows (5): The above defined standard deviation S for iron and copper with the set of standards used is plotted in figure 5 .
The conventional criterion of statistical de tec t ability, where the minimum peak area is three times the square root of the background counts under the peak, would give 0.9 mmol/l for iron and 0.6 mmol/l for copper in 1000 s.
Conclusion
The measurements were performed with a quite preliminary setup not optimized with respect to some important parameters, e. g., background, collimation and adjusting possibilities. An apparatus with automatic sample changer and mechanical improvements for routine applications is under construction (6).
In the X-ray spectra ( fig. 2 ) of all analyzed sera a zinc peak was also present with an intensity comparable to that of copper. In some cases bromine, mercury and lead were conspicuous. These elements can be determined with practically the same precision and sensitivity as iron and copper in one measurement. It should be pointed out that the essential biological metal zinc is not yet routinely determined in blood serum in the clinical laboratory practice, although there is growing evidence that zinc, too, can be very important in the early diagnosis of certain diseases including cancers.
(K.-D. Voigt, personal communication).
